Introduction
Over 1.7 million new cases of breast cancer are estimated to occur each year. One-half of the new cases occur in developed countries, and 38% of the deaths [1] . The prognosis of breast cancer is good. The survival rate is 73% in developed countries and 57% in developing countries [2] , a fact that reflects the growing number of breast cancer survivals.
The treatment of breast cancer has changed radically over the last 30 years, with an increase in conservative treatments and survival rates. In the 1980s, Veronesi et al. [3] and Fisher et al. [4] showed that the safety of conservative breast cancer treatments, without changing the patient's prognosis, was maintained even after a 20-year follow-up. Likewise, the sentinel lymph node has been used in breast cancer treatments and proven effective [5] , thereby reducing the number of lymphadenectomies and their associated complications. However, axillary lymphadenectomy has an established role in the treatment of breast cancer and plays an important role in locoregional treatment. This treatment continues to be performed in developing countries, as breast cancer is diagnosed at advanced stages [6] .
Because treatment modalities are associated with survival rate increases, their applications increase the incidence of sequelae. Thus, quality-of-life improvement and physiotherapy measures should be implemented to reduce or minimize these locoregional sequelae [7, 8] . Locoregional treatment measures can cause paresthesia, paresis, changes in shoulder mobility, and lymphedema [8, 9] . Upper-limb lymphedema is a chronic disabling sequel caused by lymphatic insufficiency; its prevalence varies from 6% to 49% among patients undergoing lymphadenectomies, and its incidence ranges from 0% to 22% [7, 9, 10] . The methods used for diagnosis, survival rate assessment, and patient follow-up influence the inci-
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Patients and Methods
This retrospective study was conducted at a tertiary oncology hospital using the medical records of women with breast cancer diagnosed from 1998 to 2001. We sought to evaluate the tumor characteristics at diagnosis, the type of treatment conducted, and the survival rate as well as its relationship with the presence of clinical lymphedema. Patients who underwent a previous treatment at another institution or who were metastatic at diagnosis, less than 40 years of age or male were excluded. Data collection was performed using a standardized form.
Tumors smaller than 3 cm were the standard indication for quadrantectomy during the study period. Level III axillary lymphadenectomy was the standard treatment used to treat the axilla. Breast reconstruction was delayed in most cases. Hormone therapy was applied in patients who were estrogen receptor positive. Neoadjuvant chemotherapy was often used for patients with stage III tumors. Adjuvant radiotherapy on the chest wall was used in quadrantectomies. The use of radiotherapy for mastectomies occurred primarily in patients with tumors larger than 5 cm, skin infiltration, grade III tumors, inadequate axillary dissection (< 10 nodes), extracapsular invasion, compromised margins (< 1 cm), or 4 or more lymph nodes. Preferably, radiotherapy was not performed on the axilla of patients who underwent axillary lymphadenectomies. Radiotherapy was conducted on the supraclavicular fossa (SCF) of patients with 4 or more axillary lymph nodes.
Patients with lymphedema at the first date described in the medical records were considered, regardless of improvement after physical therapy. We used the standardized tumor/node/metastasis (TNM) rating system (6th edition). Data from this standardized form were analyzed using IMB ® SPSS ® Statistics, version 20.0. Data analysis began with obtaining the simple frequency of the variables. In this regard, the frequency of lymphedema and its appearance since treatment start was evaluated. We dichotomized these findings to identify the factors related to the onset of lymphedema. To this end, the categorical variables were analyzed using the chi-square test, and only 2 characteristics were analyzed (simple analysis). Later, a multiple logistic regression was used to assess the combined relationship of the characteristics related to the presence of lymphedema. The significant variables comprised less than 10% of those selected for the multivariate analysis. Overall survival (OS) time (i.e., death for any reason), cancer-specific survival time (i.e., deaths due to cancer), and survival time until the occurrence of lymphedema were estimated using the nonparametric Kaplan-Meier method and by comparing the curves using the logrank test. Probability values less than 5% were considered significant.
Results
From 1998 to 2001, 1,011 patients were treated; however, applying the exclusion criteria, only 622 patients were selected for this study. The mean age was 58.7 years (range = 40-95.5 years), and 77.5% of the patients were 40-69 years old. The patient and tumor The mean follow-up period was 77.6 months (median = 85.3 months, range = 1.84-290.2 months). After excluding those patients who died, however, the mean follow-up period was 96.7 months (median = 93.6 months, range = 3.1-290.2 months), and only 8.7% of the patients had a follow-up period of less than 60 months). The attrition rates at the 60-and 120-month follow-up assessments were 1.3% and 4.0%, respectively. At the end of the study, 26.7% of the patients had died due to cancer, and 7.1% of the patients had died due to other causes. A total of 8.0% of the patients showed recurrence, and 55.2% lived without evidence of the disease. The cancer-specific survival rates at 5 and 10 years were 78.9% and 68.2%, respectively, and the OS rates at 5 and 10 years were 74.6 and 61.0%, respectively ( fig. 1) . The overall rate of lymphedema was 7.2%. The mean time for lymphedema development was 25.5 months (median = 38.1 months, range = 1.5-114.2 months). Patients with lymphedema had longer mean follow-up times (95.7 × 76.1 months, p = 0.002) and better survival rates (p = 0.08; fig. 2a ). Of the 45 patients with lymphedema, the cumulative percentages of this disease at 24, 36, 60, and 120 months were 46.7%, 57.8%, 82.2%, and 100%, respectively ( fig. 2b) . The simple analysis (χ 2 ) revealed that none of the sociodemographic or clinical variables was related to lymphedema (table 1) . When evaluating the treatments, however, axillary surgery (p = 0.02) and SCF radiotherapy (p = 0.05) were related to lymphedema (table 2). The simple logistic regression model evaluated the following variables: SCF radiotherapy (p = 0.04), chemotherapy type (p = 0.05), lymphadenectomy/number of dissected lymph nodes (p = 0.02), and axillary surgery (p = 0.07). The adjusted logistic regression analysis showed that lymphadenectomy/ number of dissected lymph nodes was independently related to the onset of lymphedema (p = 0.02; table 3).
Discussion
The current new era of breast cancer treatment is marked by fewer breast and axillary surgeries and improved radiotherapy, leading to decreased treatment sequelae. Numerous patients in Brazil are diagnosed at an advanced stage; therefore, mastectomies and axillary lymphadenectomies remain the most frequently used treatments. However, this improved therapeutic arsenal has not only increased the survival rates and the numbers of survivors but it has also increased the number of sequelae related to breast cancer. The most frequent of these is lymphedema, which has a variable incidence based on the frequency of follow-up and the evaluation method employed [9] .
Patients often complain of swollen arms, weight gain, and difficulty moving; however, 18% of patients with lymphedema are asymptomatic [12] . The diagnosis is clinical and can be completed via perimetric or volumetric assessment of the arm. The most accurate clinical method is volumetry using the displacement of water (i.e., the Archimedes principle); a difference of 10% or 200 ml is diagnosed as lymphedema. However, the cone (i.e., frustum) calculation can also be used, which assesses the sum of the cones, using the perimeter and height or other geometric volumes (e.g., cylindrical and trapezoidal). This calculation has good reliability [7] . Positivity is superior when associated methods are applied [7] . Although volumetry is precise, this method is difficult to use, and perimetry is often used instead. Bioimpedance spectroscopy (BIS) increases the rate of lymphedema. It is an accurate method [13] , but it is infrequently used in clinical practice, mainly, due to equipment costs.
When evaluating prospective studies that measure limbs, we must evaluate the methodology used to define lymphedema as well as the cut-off point that guides diagnosis and defines the treatment. In a prospective study of 1,253 patients, Blanchard et al. [14] made diagnoses based on the data obtained by using a questionnaire or a telephone interview. Ozcinar et al. [15] used a perimetric difference greater than 2 cm between the pre-and post-operative measures to diagnose lymphedema. In retrospective studies, the definition of lymphedema is usually examiner dependent. It depends on the patients' complaints and the professional volumetric evaluation, regardless of the criteria used. Thus, the definition might be biased because it groups together symptomatic patients and those with larger-volume lymphedema. Bergmann et al. [16] analyzed the lymphedema diagnosis method used among 394 women and found a concordance of 81% between their medical record data and perimetry. This finding demonstrates a good specificity of the method used in our study because we applied data from medical records. The follow-up time can also influence the rate of lymphedema. Armer and Stewart [11] prospectively evaluated 236 patients using different methods for the lymphedema definition. A Kaplan-Meier curve was created with the patients, reported as lymphedema disease-specific survival. They observed that the incidence increased during follow-up and depending on the diagnosis method: At 60 months, the disease-specific survival was 43% for patient reports of limb heaviness and swelling, 55% for a 10% difference in perimetric limb volume change, 83% for a 200-ml perimetric limb volume change, and 94% for a 2-cm circumferential change. Petrek et al. [17] evaluated patients who had survived 20 years after their treatment began. Specifically, they evaluated 263 patients from a cohort of 923 patients. The authors noted a lymphedema rate of 13%, with lymphedema defined as a difference of 2 cm in circumference. A total of 77% of patients with lymphedema were diagnosed in the first 3 years, with an annual increase of 1% per year. Our study was one of the largest series of patients followed up for a long period [7] as we sampled a cohort of 622 patients with a median follow-up time of 96.7 months, and only 4% of the patients were lost to follow-up. The lymphedema rate was 7.2% (45/633) over time, and the cumulative distributions of the cases at 24, 36, 60, and 120 months were 46.7%, 57.8%, 82.2%, and 100%, respectively. Thus, 60 months was a sufficient amount of time to diagnose 82.2% of patients, and it was the minimum time to be considered in studies on this topic. The use of palliative chemotherapy was another factor in this series. This therapy was applied in patients with recurrent and metastatic disease, whose risk was increased 2.28 times. This finding also explains the need for longer follow-up periods.
Some patients passed away due to breast cancer (i.e., those with risk factors), thereby reducing the incidence of lymphedema. We observed that patients with lymphedema had a better survival rate, although this difference was not significant. This finding should be interpreted such that patients with lymphedema represent a group of survivors, and therefore a selection bias exists. Lymphedema is predominantly a delayed complication in the surgical treatment of cancer, which reinforces the need for studies that relate the risk factors for lymphedema to long-term follow-up assessment and the necessity to include numerous patients, as was the case in the current study.
Lymphedema is related to surgical techniques and systemic treatments that (either alone or together) increase its incidence. A great deal of evidence shows that extensive surgery (e.g., axillary lymphadenectomies, numerous dissected lymph nodes, and mastectomies) has strong effects in this regard [7] . In a retrospective study of 400 patients followed up at 4.7 years, Ververs et al. [18] observed a 9% lymphedema rate. Furthermore, the risk of lymphedema was 3.57 times higher among patients who underwent radiotherapy of the axilla and SCF compared with non-irradiated patients and those subjected to axillary lymphadenectomies. In a prospective study, Ozcinar et al. [15] observed, after a 5-year follow-up, that radiotherapy was associated with an increased risk of lymphedema. This finding reinforces the validity of studies with longer follow-up periods. Bergmann et al. [19] observed that radiotherapy increased the risk of lymphedema 4.44 times. 2 aspects should be considered with regard to the patients of the current study who underwent axillary lymphadenectomies: Axillary radiotherapy was not performed, and SCF radiotherapy was associated with lymphedema risk only in the univariate analysis and was not significant in the multivariate analysis.
Previous studies have shown that the use of radiotherapy is directly related to the degree of regional lymph node involvement [20] . The risk of supraclavicular lymph node involvement is greater when 4 or more lymph nodes are positive for axillary dissection. In these cases, SCF radiotherapy is indicated because evidence exists that this method reduces the chance of nodal recurrence and progression to systemic disease and improves the effect on disease-free survival and OS rates [21] . SCF radiotherapy increased the rate of lymphedema by 1.87. Axillary lymphadenectomies alter the axillary lymphatic drainage, but the association between lymphadenectomy and SCF radiotherapy simultaneously worsens the lymphatic drainage. Furthermore, Hayes et al. [22] demonstrated that the most severe cases of lymphedema are more related to SCF radiotherapy.
A higher number of lymph nodes involved in lymphadenectomy increases the risk of lymphedema [7] ; however, these studies were conducted in the pre-sentinel node era when numerous patients without metastatic disease in the axilla underwent lymphadenectomy (as in the present study). Nevertheless, this factor was not significant in the univariate analysis. Paiva et al. [23] found that the number of lymph nodes dissected, or the extent of axillary dissection, is directly linked to an increased risk of lymphedema. Our study has 2 important findings: Axillary lymphadenectomies increase the risk of lymphedema 6.17 times, and the dissection of more than 15 lymph nodes increased the risk of lymphedema 2.03 times. We must remember, however, that the number of lymph nodes found might be related to the surgical techniques, the level of lymphadenectomy, the pathologist, or to neoadjuvant chemotherapy. Moreover, with the increasing number of early detected tumors due to the improved structuring of the health network, the increase in the sentinel node indications and the results of the Z0011 study [24] have decreased the rate of axillary lymphadenectomies associated with rehabilitation and the need for physical activity [25] . This treatment will substantially reduce the lymphedema rates, which underlines the importance of the presentation of this series, in which numerous patients were assessed after a long period.
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